.
The Balangero mine and mill of the Amiantifera Company is the only asbestos mine in Europe. It is located in the foothills of the Alps, about 30 km north-west of Turin. It started in 1916 and the production of pure chrysotile asbestos has increased year by year (with the exception of the war years from 1939 to 1945) so that now it produces 500 tons of asbestos per day from the crushing of 9000 tons of serpentine rock, derived by open cast mining ( Figure) .
The work force has numbered about 300 men. At present some 350 men are employed in the mine and its associated milling, crushing, screening and bagging plant.
In the early years and until after the war conditions were very dusty, the mining area being recognisable from some considerable distance by the pall of dust which hung over it. Since the war, with the introduction of modern techniques of primary crushing, transport, drying, separation and packing, the dust concentrations have been materially reduced.
The mining process currently consists of drilling the rock and inserting explosive charges. When these have been detonated the rock is scooped up by mechanical shovels into a primary crusher, under closed circuit television control, and conveyed by an enclosed conveyor belt to a series of vertical static and horizontal rotating driers. Fibres are separated from the particles of rock by a pneumatic system under automatic control through a series of screens, the fibres being regularly sampled for quality before going to the packing department, while the rock waste is removed by conveyor belt to a tip one kilometre away. In the packing department the fibres are filled according to quality into paper or plastic sacks, compressed and put on to pallets for storage and ultimate transport. Efficient maintenance of the enclosure, mechanical handling and packing systems is essential for effective dust control.
The first investigation of the mortality of the Balangero workers was made by Ghezzi et al. (1972) on miners employed between 1932 and 1970. Comparison of mortality from lung cancer between the miners and the male inhabitants of two neighbouring villages gave no indication of a raised incidence of lung cancer among the miners. A proportional mortality study shows a close similarity between the Balangero miners and the miners of the Quebec province (McDonald, 1973 McDonald and Liddell (1978) .
In the first analysis the observed number of deaths was compared with the expected number in the population of all Italy. Person-years of observation were calculated according to the method of Case and Lea (1955) (Mantel and Haenszel, 1959) was used to judge significance. Age-adjusted incidence rates for cancer of the lung, larynx and gastrointestinal tract and for respiratory and cardiovascular diseases were then calculated for the two exposure categories, the lower being taken as an internal control. The direct standardisation method was used with the age structure of the whole cohort as standard. For the internal comparison we used the diagnosis from the most reliable source (Enterline, 1976 On the basis of the available information, weighting factors were introduced to make the data comparable to current conditions. For example, many of the more dusty operations, such as drilling, had a duration of only 1-2 hours in a working day; on the other hand, working shifts were longer in the past (up to 48 hours per week until 1963). When corrections are made for work duration, the effect of peak concentrations is lost. Fibre levels expressed as the mean of various simulation experiments at different periods for four importantjobs in the mine are shown in Table 1 .
The dust index for each worker was calculated by adding the value of fibres/cc for each year in the specific job category. Individual exposure can then be expressed as fibre/years. In 38 workers for whom no details ofjob were available, the mean value of all jobs was assumed and the same applied to a few individuals engaged as maintenance workers. Six men, of whom four were dead, for whom there was no information on the date of last employment, were excluded from analyses concerned with exposure category.
Results
The follow-up of the cohort was satisfactory ( (11 observed: 10-4 In Table 3 the mortality of the cohort is divided expected). into two groups according to period since first em-A significant excess of laryngeal cancer is seen ployment: deaths occurring up to 19 years since first when examining mortality over the whole period of employment, and deaths occurring over 20 years observation. Four of these deaths occurred after 20 An attempt was made to obtain smoking histories for lung and laryngeal cancer patients and their controls, through interviews conducted by a social worker with the relatives of deceased or with the survivors. Such information could be obtained about (Table 6) . Table 7 shows the distribution of the whole cohort according to the selected exposure categories. For this analysis, workers included in the higher exposure category contributed to person-years observation in the lower category 'up to 100 fibre/years' from the date of first employment to the date they reached the cumulative dust exposure of 'more than 100 fibre/ yr', after which they contributed to the higher category. The mean value of cumulative dust exposure in the higher category was about five times that in the lower (75 fibre/yr compared with 376 fibre/yr).
About two-thirds of the cohort reached the higher exposure category. In Tables 7 and 8 , man-years from 1 January 1946 only are included in the total. Thus, those who had accumulated a dose of 100 Calendar years offollow-up 1946-60 1961-65 1966-70 1971-75 1946-75 Up to 49 tThese numbers include one suspected case of mesothelioma of the pleura. 
Discussion
Although this chrysotile mine has been in operation since 1916, the total population whose mortality has been studied consists of only 952 men. The same population was studied by Ghezzi et al. (1972) . In the present study, only the 332 deaths occurring between 1946 and 1975 have been analysed.
The total number of deaths exceeded the number to be expected in the general population by approximately 50%. About 42% of the excess deaths were due to violent causes and cirrhosis of the liver, indicating factors among the miners not affecting the general population to the same extent. Comparatively few deaths could be directly attributed to asbestos exposure. There were nine deaths from asbestosis, and 11 from lung cancer, including one unconfirmed death from a pleural mesothelioma. The SMR for lung cancer for the whole period is 106 but in the last five years of the study between 1970-75 there is an excess mortality from lung cancer (7 observed; 3-4 expected) giving an SMR of 206.
There were insufficient data to examine the validity of the additive or multiplicative models for cigaiette smoking (Saracci, 1977) . A further problem arises in the evaluation of the marked excess mortality from laryngeal cancer. A prevalence and mortality study was made by Terracini et al. (1974) Table 7 for the cohort as a whole. The small differences between crude and agestandardised death rates demonstrate that there is no substantial difference in age distribution. It is therefore likely that the increasing mortality truly reflects the effects of higher exposure.
The cancer risk among chrysotile miners has been shown by McDonald et at. (1974) to be lower than among asbestos workers in different occupations and exposed to other types of asbestos. Jones et al. (1976) , in a study of gas mask assemblers who used only crocidolite, have demonstrated a high risk of mesothelial tumours. Asbestos factory workers making textiles and other products and exposed to all three types of asbestos have a very high mortality from cancer and asbestosis (Newhouse, 1973 
